This article describes the independent factors that affect kyphotic angle reduction in the treatment of osteoporotic vertebral compression fractures with kyphoplasty. Between January 2008 and September 2011, one hundred twenty-six patients with a single-level osteoporotic compression fracture who underwent kyphoplasty were evaluated for a minimum of 1 year postoperatively. Nine independent variables related to patient characteristics (age, sex, bone mineral density [BMD], and body mass index), fracture characteristics (fracture level, fracture age, and preoperative kyphotic angle), and surgical variables (total injected cement volume and cement leakage) were assessed. Kyphotic angle reduction was the dependent variable. Univariate and multivariate linear regression analyses were used to determine the factors associated with kyphotic angle reduction.
O steoporosis, which is characterized by a systemic impairment of bone mass, strength, and microarchitecture, predisposes individuals to an increased fracture risk.
1 Vertebral fractures are the most common osteoporotic fractures 2 and can cause severe back pain, kyphosis, and height loss. Kyphoplasty, which was derived from vertebroplasty, is an effective and safe procedure for patients with osteoporotic vertebral fractures. 3 Compared with vertebroplasty, kyphoplasty achieves significantly greater vertebral body height restoration and kyphotic deformity correction. 4, 5 Residual spinal kyphosis may cause persistent back pain and compression fractures, 6 reduce pulmonary function, 7 impair balance, interfere with gait, and increase the risk of falls. 3 It has a negative effect on quality of life, physical function, mental health, and survival. 8, 9 However, the reported percentage of kyphosis correction in clinical studies is inconsistent and has varied from 23% to 65%. [10] [11] [12] Little research has been performed on the preoperative factors affecting kyphotic angle reduction with kyphoplasty. The objective of this study was to report the factors correlated with kyphotic angle reduction in the treatment of osteoporotic vertebral compression fractures.
Materials and Methods

Patients
This study included 126 patients with a single-level osteoporotic compression fracture who underwent kyphoplasty at the authors' institution between January 2008 and September 2011. Inclusion criteria were spine radiographs showing vertebral compression fracture (Genant's grade of 1 or greater), fracture at T5 or lower, and confirmation of the fracture as the likely pain generator by correlating physical findings with edema in the fractured vertebra on T2-weighted fat suppression magnetic resonance imaging. Exclusion criteria were a pathologic compression fracture, neurologic deficits, spinal cord compression syndrome, and multiple vertebral fractures.
Preoperatively, the bone mineral density (BMD) of each patient was assessed using dual-energy X-ray absorptiometry scans, and the fracture age was calculated as the time between symptom onset and surgery. This study was approved by the authors' institutional ethics committee.
Surgical Technique
Kyphoplasty has been previously reported. 13 In the current study, all balloon kyphoplasties were performed with the patient in the prone position on a surgical table and the spine extended by chest and pelvic bolsters. After incising the skin, an 11-gauge Jamshidi needle was percutaneously placed into the posterior part of the vertebral body with a bilateral transpedicular approach. Appropriate inflatable bone tamps (Kyphon, Inc, Sunnyvale, California) were placed bilaterally into the vertebral body through the working channel. Ideally, the inflatable bone tamps should be centered between the endplates in the anterior two-thirds of the vertebral body. They were then inflated with manometric control, reducing the fracture and pushing the endplates apart, thereby partially restoring vertebral height and correcting the angular deformity. The balloons were then withdrawn, and the cavity in the fractured vertebra was filled with high-viscosity polymethylmethacrylate cement under continuous visual control to obtain adequate filling and avoid leakage. The occurrence of cement leakage outside of the vertebral body was determined with intraoperative fluoroscopy and postoperative radiographs.
Assessment of Radiographic Parameters
Kyphosis was monitored by measuring the kyphotic angle between the base plate and the cover plate of the fractured vertebral body. Kyphotic angle reduction was calculated by subtracting the postoperative kyphotic angle from the preoperative kyphotic angle.
14 The anterior and mid-vertebral heights were defined as the distance between the upper and lower endplates of the anterior vertebral wall and the center of the vertebra, respectively. The normal height of the anterior vertebral wall and the midvertebral height were calculated as the 
Assessment of Clinical Outcomes
Patients were clinically evaluated preoperatively, 1 day postoperatively, and at final follow-up. The assessments incorporated a visual analog scale (no pain, 0; worst pain, 10) used for pain relief and the Oswestry Disability Index, 17 which was used as a functional assessment.
Statistical Analysis
Analysis was performed with SPSS version 19.0 software (SPSS, Inc, Chicago, Illinois). Differences in radiographic and clinical data pre-and postoperatively and at last follow-up were assessed using a paired t test.
Nine independent variables were examined: patient characteristics (age, sex, BMI, and BMD), fracture characteristics (fracture level, fracture age, and preoperative kyphotic angle), and surgical variables (total injected cement volume and cement leakage). Kyphotic angle reduction was the dependent variable. Univariate analyses were performed to assess the association between independent variables and the dependent variable. The Pearson product-moment correlation coefficient (r) was used to evaluate the associations between continuous variables, and the Spearman rho correlation coefficient was used to determine correlations between nonparametric variables. A multivariate linear regression analysis was conducted to identify the factors associated with kyphotic angle reduction. A backward stepwise procedure was used to test all predictor variables with a P value less than .05 in the univariate analyses as candidates to determine the final model. 
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Mean6SD postoperative kyphotic angle was 12.7°67.1°, representing a significant improvement over the preoperative kyphotic angle (17.4°66.6°) (P,.05). Mean6SD postoperative anterior vertebral height variation was 76.1%617.0%, which also represented a statistically significant increase (P,.05). A significant improvement was also observed in mean6SD middle vertebral height variation (preoperative, 67.0%615.1%; postoperative, 81.6%613.0%) (Figures 1, 2) (Table 2) .
Kyphotic Angle Reduction Predictors
Univariate analyses indicated that kyphotic angle reduction was correlated with BMD (r520.322; P5.000), fracture age (r520.306; P5.000), preoperative kyphotic angle (r50.258; P5.004), and cement volume (r50.214; P5.016) ( Table 3) .
No correlation coefficient between independent variables (age, sex, BMI, BMD, fracture level, fracture age, preoperative kyphotic angle, cement volume or cement leakage) was greater than 0.8; therefore, multicollinearity was not evident. Using a backward stepwise procedure, the final multiple linear regression model, which included preoperative kyphotic angle, BMD, and fracture age, resulted in a formula that accounted for 23.3% of the variability in kyphotic angle reduction: preoperative kyphotic angle (b50.260; P5.002), BMD (b520.249; P5.004), and fracture age (b520.226; P5.009) ( Table 4) .
discussion
Kyphoplasty and vertebroplasty are effective treatments for osteoporotic vertebral compression fractures. Vertebroplasty involves the percutaneous injection of bone cement into the collapsed vertebral body. Kyphoplasty is a modification of this technique that involves forcibly inflating balloons inside the fractured vertebral body to correct the kyphotic deformity and create a cavity for the subsequent injection of cement. In the short term, the effects of kyphoplasty are similar to those of vertebroplasty; both procedures restore the stiffness and strength of a fractured vertebral body and reduce pain. Compared with vertebroplasty, kyphoplasty is superior in restoring vertebral height and kyphotic deformity, which may be beneficial In the long term, if a kyphotic deformity is not corrected after a fracture, several problems could occur. First, the deformity could cause persistent back pain and functional limitation. Leidig-Bruckner et al 18 reported a significant linear relationship between the components of quality of life (pain and disability score) and clinical measures of spinal deformation. In a subsample of the Longitudinal Aging Study Amsterdam consisting of 527 patients, Pluijm et al 19 reported that patients with severe or multiple vertebral deformities spent more days in bed, were limited in performing activities of daily living, and reported a poor quality of life. Second, the risk of further vertebral fractures is increased.
Black et al 6 prospectively reported 9704 women older than 65 years and showed that prevalent vertebral deformities were associated with 5 times the risk of sustaining a further deformity. The risk increased with the severity and number of the prevalent deformities; women with the most severe deformities had a 12.7-fold greater risk of new fractures compared with women with no baseline fractures. In addition, kyphotic deformity may restrict respiratory function. Several authors 7, 20, 21 reported that declines in pulmonary function resulting from kyphosis were modest and directly related to the degree of kyphosis and the number of vertebral fractures. Lombardi et al 20 reported that a kyphotic angle greater than 55° caused significant impairment of pulmonary function, with declines in vital capacity and airflow.
In the current study, 3 independent variables (preoperative kyphotic angle, BMD, and fracture age) were important correlative factors that affected kyphotic angle reduction and could be used to predict the prognosis of kyphoplasty. The preoperative kyphotic angle was the first significant predictor. In the current study, the ability to correct a kyphotic deformity was improved in association with the amount of preoperative kyphosis. Berlemann et al 22 reported that the potential for kyphotic angle reduction was related to the preoperative kyphotic angle, the level treated, and the fracture age. They reported that the treated level showed a statistically significant correlation with kyphotic angle reduction, but the current authors found no correlation with this factor. 22 This discordance might be due to the differences in the number of patients included and the independent variables used in the studies. The association between the preoperative kyphotic angle and kyphotic angle reduction may be due to the conditions of the trunk muscles and ligaments. The more obviously the vertebrae are compressed, the more relaxed the prevertebral muscles and ligaments are. In addition, the relaxed muscles and ligaments provided lower mechanical resistance during kyphoplasty; therefore, the current authors obtained better kyphotic angle correction in vertebrae with a large preoperative kyphotic angle.
Bone mineral density was the second significant factor, and increased kyphotic angle correction was predicted by a low BMD. Saliou et al 23 reported that heterogeneous vertebral bone density could lead to nonuniform fracture reduction. Using the controlled segmental balloon inflation technique, they achieved uniform bone expansion and adequate fracture reduction. Low BMD is often used to indicate the fracture risk. Various studies have reported correlation coefficients for the association between BMD and vertebral fractures, which ranged from 0.7 to 0.9, indicating that approximately 50% to 80% of the variance in vertebral fractures could be explained by BMD. [24] [25] [26] Fracture age was the third significant predictor. Phillips et al 27 reported a weak but significant association between the fracture age and the degree of deformity correction with kyphoplasty if the fracture age was less than 90 days (n526; R 2 50.27; P,.05). The results of Berlemann et al 22 were consistent with the data of Phillips et al. 27 These results can most likely be explained by the bone healing process, which follows a well-defined temporal order. The inflammatory, repair, and remodeling stages overlapped. Over time, the connection between fractured fragments becomes stronger. 28 The current results suggest that a more effective kyphotic angle reduction was achieved if the vertebral fracture was operated on soon after it occurred. In chronic vertebral fractures, the balloon maintained higher forces and tended to expand less than expected, even if the pressure reached bursting pressure values.
This study had several limitations. First, in some patients with chronic back pain, the actual time that a fracture occurred could not be established, and the fracture age was an estimated time from symptom onset to treatment. Second, although the authors carefully selected the variables for the regression analyses using the univariate analyses, they could include all potential known and unknown variables that may influence kyphotic angle reduction. In addition, the authors only evaluated factors affecting kyphotic angle reduction; factors affecting functional outcomes will be evaluated in a future study.
conclusion
Kyphoplasty is a safe and effective treatment for osteoporotic compression fractures. The degree of kyphotic angle reduction achieved with kyphoplasty can be predicted by the preoperative kyphotic angle, BMD, and fracture age. The preoperative kyphotic angle is the most important factor for explaining kyphotic angle reduction. Low BMD and young fractures are also important factors for predicting better kyphotic angle reduction postoperatively. 
